When a frequency distribution diagram illustrating a normal scatter of bacterial counts is made using the actual values, the curve assumes a distinct left-handed or J-shaped form. The peak of the curve and the arithmetic mean fall at quite divergent points. Furthermore, the standard deviation is usually much greater than, sometimes as much as twice as great as, the mean. Consequently a wide range of negative values is involved, indicating that something is radically wrong with the mathematical procedure. Statistical values based on an abnormal J-shaped distribution curve are unreliable.
wholly unintentional as the "Standard Methods" Committee has merely intended to simplify the report.
The problem then is how to transpose a geometrically increasing series to a linearly increasing series so that it can be averaged correctly. There are some who will regard this application as highly theoretical simply because they will not analyze mathematically the difference between an average among a series of values resulting from an arithmetic (or linear) progression and that resulting from a geometric (or logarithmic) progression. Table 1 illustrates some of these differences. If one can visualize the processes of bacterial increase during the logarithmic phase with respect to the-unit of time (generation time) changes in table 1, one can readily see that during the first period the geometric increase was only 10,000. During the second period the actual increase was 20,000, during the third it was 40,000, during the fourth it was 80,000, etc ... . and during the thirteenth it was 40,960,000. Contrasted with this is the constant linear increase of 10,000 for each unit of time. With these seemingly enormous succeeding increases in the geometric series, is it any wonder that the bacterial counts are not more inaccurate than they are when it is realized that the increase from 40,960,000 to 81,920,000 theoretically requires just as long as the initial increase from 10,000 to 20,000? Robertson and Frayer (1930) have shown that these 13 units of time based on observations on 17 samples of milk held continually at 60°F., correspond to a 52 hour keeping quality interval, two hours after which all samples were considered as unfit as a sweet milk beverage.
If now, the bacteriologist will look at the last column in Table 2 illustrates a satisfactory system for the transposition of bacterial counts to logarithms and vice versa. Because of the character of the logarithmic spreads, it is necessary to establish two separate tables for these two transpositions. A certain degree of accuracy has been sacrificed in order to limit the logarithm to the second or third place following the decimal and the bacterial count to the first three significant left-hand digits. Therefore, the bacterial counts in the first part of the transposition table are the lowest values which can be read as equivalent to the logarithms. For instance 989 is the lowest value which can be read as equivalent to log. 2.995 and 1,010 as equivalent to log. 3.005, etc. When reading these logarithms in the second decimal place only, they become log. 3.00 and. 3.01 respectively, etc. Hence all counts between 989 and 1,000 correspond to log. 3.00, all between 1,010 and 1,030 correspond to log. 3.01, . . all between 9,440 and 9,590 correspond to log. 3.98 and all between 9,600 and 9,890 correspond to log. 3.99. Higher or lower bac- Where the difference between the counts is not great, the two means approach each other as in example 1, but where the difference is great, the geometric mean gives a lower average count, due to the proportionate relations. The linear relations in example 2 indicate that the 20,000 count milk is 20 times as poor as the 1,000 count milk. Counts from duplicate plates should always be averaged arithmetically.
In order to compare the two averaging systems to a better advantage, the standard agar plate counts and their corresponding logarithms for the 174 counts in table 4 are averaged. These counts, listed in the order of sampling one dairyman's night's milk four times monthly, were obtained through the courtesy of a New York State milk plant for the period beginningFebruary 1, 1926, and ending December 31, 1929. The arithmetic mean for the bacterial counts is 20,500 and the mean corresponding to the average log. 4.01 is 10,200. The mean 20,500 is far from the value corresponding to the peak of the curve. It is evident in chart 1 that 27 observations fall at the peak of the curve which is somewhere between 4,000 and 6,000. However, the long tail containing the five counts 96,000, 133,000, 136,000, 320,400 and 346,500, is of sufficient weight to bring the average up to 20,500. The mean is more than four times as great as the mode. Now, if the logarithms of these same counts are used, there are 23 counts falling at the peak of the curve which is somewhere (1920) and Robertson (1921) , have measured the relationships between counts by comparing ratios. Frank (1927) was probably the first to apply the geometric mean to bacterial counts. Wholly unaware of the work of the United States Public Health Service, Robertson and Frayer (1930) demonstrated statistically the principles involved when the geometric mean is used. They have applied the geometric relations among counts in certain correlation studies also. As early as 1912, Dr. E. C. Levy (Commission (1912) ) realizing the unreliability of the arithmetic mean, prepared a parabolic curve to register differences in bacterial counts. An arithmetic average among a series of class percentage values gave what he styled the "bacterial index." Kelley and Possam (1926) have recommended Levy's scheme to develop a more satisfactory way of averaging bacterial counts in milk and cream quality contests.
CONCLUSIONS
The geometric mean is a more nearly correct average than the arithmetic mean over a normal distribution of bacterial counts in market milk. In other words, the arithmetic mean when applied to the actual values in an exponential increase for determining the true average is unreliable.
